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It has been known since antiquity that lead poisoning can result in death. Long-term sequelae include chronic nephropathy and neuropathy in adults, and chronic encephalopathy in children (National Academy of Sciences, 1972; Waldron and Stofen, 1974) . The mortality associated with more moderate levels of chronic lead exposure was investigated in male adults at an electric accumulator factory by Dingwall-Fordyce and Lane (1963) . They found that deaths from cerebrovascular disease were commoner among those pensioners who had worked in the more highly exposed lead departments, but the numbers available were small. In a follow-up study in the same factory, Malcolm (1971) found little difference between the mortality of exposed men and controls and he attributed this to improved industrial hygiene. In a recent study on the mortality of electric accumulator and lead smelter workers in the USA, Tabershaw-Cooper Associates Inc. (1974) obtained 1267 death certificates and found no association between lead exposure and either cerebrovascular accidents or hypertensive heart disease, but deaths attributed to 'other hypertensive disease' and to 'chronic nephritis and other renal sclerosis' were in excess in both smelter and battery plant workers. The blood lead and urinary lead data available suggested that workers' lead exposure had 'greatly exceeded currently recommended standards'.
There appear to have been no controlled studies on the morbidity of lead workers. In order to determine whether currently accepted levels of industrial exposure are sufficient to prevent the occurrence of subclinical sickness absence due to lead, the sickness absence of workers in an electric accumulator factory has been investigated.
The factory
The factory contains a small lead smelter (three reverberatory furnaces) and refiner departments making battery separators and other plastics, and service departments in addition to departments making electric accumulators. There is a small interchange of labour between departments as manufacturing requirements vary.
Routine estimations of blood lead were introduced in 1965. Estimations are made with a frequency which depends on the degree and stability of the lead exposure. Recently, the frequency of routine estimation has varied between zero, in the plastics and low lead departments, and quarterly, in the smelter men and in those men in other departments whose previous blood leads exceeded 2 90 ,umol/l (60 ,ug/100 ml). The plastics departments, boiler house. The mixed exposure category consisted of departments in which some men were exposed to lead, while others were not.
In addition, the mean blood lead value was calculated for each man, and three groups were formed:
1. those with no blood lead measured 2. those whose mean blood lead was less than 2-41
Pmol/l (50 jig/100 ml) 3. those whose mean blood lead was greater than or equal to 50 ,ug/100 ml. All blood lead estimations had been carried out under the direction of one of us (EK) using a dithizone method which has been described briefly (Williams, King, and Walford, 1969) , and in detail (Hoschek and Schittke, 1973) . The method and laboratory have been validated by their performance as Institute 25 in the Hoschek interlaboratory comparison (Hoschek and Schittke, 1973) and as Laboratory 52 in the Queen Elizabeth National Quality Control Scheme (blood lead trial) organized by Professor T. P. Whitehead, Queen Elizabeth Medical Centre, Birmingham. Some batches of blood lead had been believed in 1965 to be contaminated and were rejected. These were excluded from the calculations.
The men were divided into two groups: workers and ex-workers. Workers were those still working in the factory on 30 April 1972, and ex-workers were those who had left at any time during the survey period.
The man years at risk during the survey period for workers and ex-workers in each exposure category were calculated in nine five-year age groups. These age groups were then reduced to two, 20-39 and 40-64, to obtain approximately equal lengths of exposure in each group (Table 2) . Absences were also grouped by age and exposure category and mean blood lead levels for both workers and ex-workers and then classified by cause into various broad diagnostic groups.
In addition, in order to investigate whether the symptoms of lead poisoning had been misdiagnosed, the ICD numbers of the symptoms of lead poisoning described by Lane et al. (1968) were obtained (Table 1) and a group of 'potentially lead-induced absences' was formed by combining all absences with these ICD numbers.
Results There were 615 workers and 340 ex-workers. Table 2 shows their mean blood lead and the number of man years at risk by age group and exposure.
Workers' man years at risk were 3995 and ex-workers were 840. Although the non-exposed group has a higher mean blood lead level than the low-exposure group, the former had a relatively small number of readings. Indeed, the mean blood lead for men in non-exposed departments is 1-54 ,umol/l (32 ,tg/100 ml) if the blood lead values of men suspended from high exposure departments are omitted. The values show that the groupings of departments by exposure were satisfactory. The mean blood lead for all workers, 2-67 ,umol/l (55 4 ,tg/100 ml) (SD = 0-89) was very similar to that for ex-workers 2-69 ,umol/l (55.8 ug/100 ml) (SD = 1 00).
The numbers of spells of absence by diagnostic group and age for workers and ex-workers are shown in Table 3 . The absence rates were higher for ex-workers in nearly every diagnostic category. The overall rates were not significantly different for the two age groups in either workers or ex-workers, although there were differences in individual diagnostic groups. For example, the absence rates in older men were higher for musculo-skeletal diseases -and for diseases of the circulatory system, but lower for accidents. The overall difference in the rates for workers and ex-workers was highly significant (X 2 =111-1, P < 0-001).
The rates of all absences by exposure category were compared for workers and ex-workers (Table   4 ). The rates are higher in the lower exposure groups; the differences for workers are highly significant (X = 71-2, p < 0-001) and for exworkers are significant (X (3) = 8-81, p < 0 05).
A similar comparison was made for absence rates from potentially lead-induced causes by exposure category for workers and ex-workers (Table 5) . For workers the rates in the less exposed groups were higher than in the more exposed groups. Indeed the differences were highly significant (X (3) = 12-8, p < 0 01). The opposite pattern was found for exworkers, although the relatively high rate for unexposed men means that the pattern is not consistent.
Thus, in general, there was a higher absence rate in lower exposed groups both for all causes and for the potentially lead-induced causes. This could have been because fitter men were selected for high exposure departments. To take some account of this the percentages of all absences due to the potentially lead-induced causes were calculated (Table 6 ). Thus even though the higher exposure groups had lower absence rates, a relative excess of absences due to potentially lead-induced causes would be apparent.
For workers, the percentage of absences due to the potentially lead-induced causes decreased with exposure, but this was not significant (X (3) = 2-1).
The opposite occurred for ex-workers: grouping the high and mixed exposure groups together and the low and no exposure groups together, the percentage for the former was significantly higher (X 2 = 6-97, p < 001).
Apart from the low exposure group, ex-workers had relatively more absences due to the potentially lead-induced causes than did the workers. (X = 21 6) and most noticeable in the non-exposed departments. For ex-workers the rates were very similar to the overall rates, and indeed not significantly different (X (1) = 018).
A similar analysis was performed for absences due to the potentially lead-induced causes. Applying the overall rates, the expected number of such absences for workers in this group was 21 6 compared with 31 observed. The differencewas significant(X = 4-09, p < 0-05). The corresponding figures for ex-workers were 5 observed and 8-2 expected, the difference being non-significant (X = 1-25).
There was thus some evidence of a carry-over effect for men who had worked in high exposure departments and had transferred to lower exposure areas. However, further analysis showed that allowing for this did not alter the patterns already found. There was no similar effect for men moving from no or low exposure departments to higher exposure areas. Table 8 shows the numbers of men and the man years at risk in each blood lead category for workers and ex-workers. A far smaller percentage of exworkers had blood lead levels measured, although for those who did, the percentage of those with levels lower than 2-41 ,umol/l (50 ,ug/100 ml) was similar to that for workers (56-2 % and 62-0 % respectively). Table 9 shows the number of spells and rates of all absences by blood lead category for workers and ex- workers. The rates of absences were very similar for those men with mean blood lead levels lower than 2-41 ,umol/l and for those men with blood lead higher than or equal to 2-41 ,umol/l in both workers and exworkers. For workers the lower blood lead group had a slightly higher rate of absence (543 spells/1000 man years against 519), while for ex-workers the higher blood lead group's rate was slightly greater (737 spells/1000 man years against 758). Neither of these differences is significant. A similar assessment was made for absences due to potentially lead-induced causes (Table 10 ). The group with mean blood lead levels of 2A41 ,tmol/l or higher was absent more often than the group with group.bmj.com on June 20, 2017 -Published by http://oem.bmj.com/ Downloaded from mean blood lead levels lower than 2-41 for both workers and ex-workers. However these differences are not significant.
The percentages of total absences due to potentially lead-induced absences by blood lead category were considered (Table 11 ). The higher mean blood cult to analyse since they are skewed, but there did not appear to be any effect of exposure either for workers or ex-workers. This applied to all absences and potentially lead-induced absences.
The two highest values in the tables, 34 9 and 27-6 for the mean lengths of potentially lead-induced absences in ex-workers for the low and no exposure groups respectively, occurred when the mean of a small number of observations was biased by one very large value.
Discussion
Many factors, apart from disease, are known to influence sickness absence (Taylor and Pocock, 1973) . Imperfections in the present data include lack of controls for shift work, type of job, hourly wages, attitudes of supervisors, inaccurate diagnosis, and so on. However, it is not thought that these would introduce significant bias in favour of the more highly exposed workers. In particular, high exposure has never been rewarded financially. The effects of length of service and job satisfaction probably account for the higher rates of absence in ex-workers (Taylor and Pocock, 1973) , although the higher percentage of absences due to the selected causes in this group is difficult to explain. It may possibly be accounted for if we consider the study by Whitehead (1971) which showed that the 'symptoms and ill-defined causes' group of absences (which overlaps with the potentially leadinduced absences) had risen at a greater rate than the increase in certified absence. Thus where absence was high, the proportion of absences due to these causes was higher. Nevertheless, the significantly greater proportions of potentially lead-induced absences among ex-workers in the high and mixed exposure groups (as opposed to the low and no exposure groups) could be interpreted as showing that such exposure is a cause of increased sickness absence in these men.
Also puzzling is the apparent carry-over effect after working in high exposure departments. This suggests that men affected by lead move to less exposed departments (temporary changes are usually involuntary, while permanent transfers tend to be voluntary). However, even when allowance is made for such effect, the highly exposed departments do not have higher sickness absence, so whether the carry-over effect is genuine is dubious. It seems unlikely that any such effect is related to changing departments since there is no comparable increased absence among men who have moved from lower to higher exposure departments. Because of the low numbers and skewness of the sickness absence data, too much importance should not be placed on the X2 tests (Taylor and Pocock, 1973) . Indeed, some of the inconsistent or puzzling findings may have arisen because of the low numbers.
The mass media have lately shown interest in the adverse effects of lead exposure, although much of this concern has been focused on children.
Accurate knowledge of the level at which the general population becomes at risk of subclinical lead poisoning will depend ultimately on studies of many groups such as the old, the sick, the young and the underprivileged, as well as normal adult males. The present study appears to show little evidence of harmful effects of lead exposure as measured by sickness absence in men with blood lead levels of up to 3-86 ,umol/l (80 Kg/100 ml).
